The long-term survival probability, causes of delayed mortality, and relationship between short-term outcome and long-term survival after aneurysmal subarachnoid hemorrhage were retrospectively stu died in 106 patients followed up for longer than 5 years. The Kaplan-Meier cumulative survival probabilities at 1 month, 6 months, and 5 years were 85.9%, 79.2%, and 66.8%, respectively. Six months after the onset, 41 patients made a good recovery (GR) and 34 were moderately disabled (MD) . On the last follow-up day, 64 had good outcome (GR or MD) and eight had died. In contrast , there were nine patients with poor 6-month outcome (severe disability or vegetative state) , seven of whom died wi thin 5 years. Five of these seven patients had experienced intraventricular hemorrhage (IVH) on admis sion. A total of 15 patients died beyond 6 months, five died of complications related to shunts . Six month outcome is a predictor of long-term survival and delayed mortality . Improved long-term sur vival requires the development of better management for IVH , improved 6-month outcome, and care ful follow-up of patients who undergo shunting.
Introduction
The clinical outcome of aneurysmal subarachnoid hemorrhage (SAH) in the short term, e.g., at dis charge, 3 months, 6 months, or 1 year, is well known. 5, 18, 21, [24] [25] [26] In contrast, long-term survival, e.g., at 5 years, 10 years, or longer after aneurysmal SAH, has rarely been reported. 1,2,14,22,29) The clinical out come associated with hemorrhage severity is stabi lized by 6 months '21) so this 6-month outcome is often reported, but the causes of death in 6-month survivors are rarely considered. If 6-month outcome correlates with long-term survival, it becomes an im portant predictor and good 6-month outcome must be achieved. Furthermore, improved long-term out come requires identification of the causes of death in 6-month survivors.
This retrospective study investigated the causes of death in patients surviving SAH for more than 6 months, the long-term survival probability, and the relationship between short-term outcome and long term survival.
Subjects and Methods
I. Patient population
This study included 115 consecutive patients with SAH treated between November 1981 and Septem ber 1988. All patients met the following criteria: Ad mission on Days 0 to 3 following SAH (Day 0 was de fined as the calendar day of the hemorrhage), no previous history of SAH, the presence of an aneurysm confirmed by angiography or surgery, and follow-up for 5 years or longer. Nine patients were excluded from the study: two patients with unknown etiology of bleeding, three patients with ruptured arteriovenous malformation, and four patients without confirmed aneurysms. The remain ing 106 patients (34 males and 72 females) were aged between 25 and 87 years (mean ± SD 58 ± 13 years). 
III. Variables
The following baseline variables were selected: age, sex, systolic blood pressure (SBP) on admission (mmHg), SAH grading based on the extent of subarachnoid spread of the hemorrhage on comput ed tomography scans 7) presence or absence of in tracerebral hemorrhage (ICH) or intraventricular hemorrhage (IVH), level of consciousness on admis sion according to the unmodified HH grading sys tem.
IV.
Follow-up All patients were followed up for longer than 5 years (mean 62 months, maximum 124 months). The follow-up duration was defined as the interval from the date of the initial bleeding until the date of the last outcome assessment. Hospital charts were rev iewed to identify clinic visits and subsequent hospitalization. When sufficient follow-up informa tion on the patient's status could not be obtained from hospital charts, we telephoned surviving patients or families of the deceased. As a result, we obtained satisfactory amounts of information about all patients. The Glasgow Outcome Scale 15) (GOS), de fined to assess head injuries, was used to assess the functional outcome at 6 months and on the last fol low-up day. Assessment of functional outcome at 6 months showed 41 patients (38.7%) made a good recovery (GR), 34 (32.1%) were moderately disabled (MD), eight (7.5%) were severely disabled (SD), one (0.9%) was in a vegetative state (VS), and 22 (20.8%) had died (Table 1) . The Kaplan-Meier life table method showed cu mulative survival probabilities at 1 month, 6 months, and 5 years were 85.9%, 79.2%, and 66.8%, respec tively ( Fig. 1 ). Univariate analysis revealed that age (p = 0.0001), HH (p = 0.0006) and SAH grading (p = 0 .0018), and IVH (p = 0.0000) were significant variables for mortality or long-term survival (Table  2) . Patients with life-threatening intracerebral hema toma underwent emergency evacuation, so the presence of ICH was not significant for mortality. Survival curves constructed with the Kaplan-Meier method revealed that HH grades 3 to 5 and SAH grade 3 became significant for mortality early on the time axis compared with HH grade 1 (p < 0.05) and SAH grade 1 (p < 0.005), respectively (Fig. 2) . The survival curves of subgroups became separated by 1 or 6 months, but thereafter the distance between them was almost the same. In contrast, age was not significant early but became significant later on the time axis (Fig. 3 upper) . The survival curves of sub groups were not separated at 1 month but became separated further and further during follow-up. The subgroup of patients aged 70 years or older became significantly separated (p < 0.005) from the sub group of patients aged less than 60 years at 5 years ( Fig. 3 upper) . Age was not significant for early mor tality within 30 days, but became significant for delayed mortality. Some elderly patients (70 years or older) tended to become disabled or vegetative by 6 months (Table 1 ) and died within 5 years. The presence of IVH became significant early (p < 0.01) and survival curves became separated further and further as the time went by (Fig. 3 lower) . Among 17 patients with IVH on admission, eight died by 6 months, and five had undergone shunting by 6 months, were severely disabled or in a vegetative state at 6 months, and thereafter died. The presence of IVH was strongly related to poor 6-month out come (SD or VS) and delayed mortality (Table 1, Fig.  3 lower) . Moreover, delayed ischemia caused poor 6 month outcome (SD or VS) in some patients (Table 1) . Consequently, survival curves had already been sepa rated at 1 month between HH grades 1 to 4 and 5, HH grades 1 to 2 and 3 to 4, SAH grades 1 and 3, and the absence and presence of IVH. Multivariate analy sis using the proportional-hazards model showed greater age (p = 0.0015), HH grade 4 or 5 on admis sion (p = 0.0143), SAH grade 3 (p = 0.0470), and the presence of IVH (p = 0.0207) were significant varia bles for mortality during long-term follow-up (Table  3) . Lower age was the most significant predictor for long-term survival. There were 75 patients with good 6-month out come (GR or MD). On the last follow-up day 54 were GR, 10 were MD, three were SD, and eight had died (Table 4 ). In contrast, among the nine patients with poor 6-month outcome (SD or VS), two were SD on the last follow-up day and seven had died. The long term outcomes of these groups were significantly different (Fig. 4, p < 0.005) . Accordingly, 6-month outcome (good vs. poor) was an important predictor for further long-term survival and delayed mortality. Eight patients with good 6-month outcome died be yond 6 months. Four patients died of diseases not related to the initial SAH, i.e., one of thalamic hemor rhage, one of brainstem infarction, and two of heart disease. The others died of problems associated with management during the initial hospitalization, i.e., two of second SAH due to untreated aneurysms and two of debilitation more than 1 year after shunting. In contrast, among the seven patients with poor 6 month outcome who died beyond 6 months, two patients died of meningitis, four patients died of in fection other than meningitis, and the last died of de bilitation. A total of 15 patients died beyond 6 months, of whom five died of complications related to shunting.
Discussion
The rupture of cerebral aneurysms results in death in approximately 14% of patients prior to hospital ad mission, 23) and death in 46% to 61% of patients wi thin 30 days of the onset. 11,2') The selection bias should be considered when interpreting the results of a study on the natural history of SAH. If sec ondary admissions to a specialized institute are in cluded, there is a selection bias which excludes all patients dying during primary management else where. Our low 30-day and 6-month mortality rates (14% and 21%, respectively) indicate this primary ex clusion, but the international cooperative study") also reported a 6-month mortality rate of 26%. Most patients treated at neurosurgical institutes are usu ally selected. Our study is also limited to the sub population as defined by the time frame in which this study was conducted (November 1981 to Septem ber 1988), when only orthodox therapy was per formed. consideration showed that HH grade 5 (deep coma) was the most significant predictor of 30-day mortali ty, followed by the presence of IVH or SAH grade 3. Emergency evacuation made the presence of ICH not significant for mortality. HH grade 1 (fully alert) was the most significant predictor for 30-day sur vival. Between 30 days and 6 months, seven patients died of debilitation or infection due to disability at tributed to greater age, SAH grade 3, HH grade 3 or 4, and/or delayed ischemia. Consequently, level of consciousness was the most significant factor for 30 day survival or mortality, while age, HH grade 3 or 4, SAH grade 3, presence of IVH, and/or delayed ischemia combined to cause some patients to be se verely disabled or vegetative, and thereafter resulted in delayed mortality. Clinical outcome appeared to be generally stabi lized by 6 months as Sundt and Whisnant29) report ed, but poor 6-month outcome (SD or VS) was a predictor of mortality within 5 years. This result in dicates that long-term survival for longer than 5 years can be expected in patients with good 6-month outcome.
Therefore, treatment and manage ment ', 11,16,30) in the acute stage must be further devel oped to achieve better 6-month outcome for patients with unfavorable factors on admission. Otherwise, most patients with poor 6-month outcome will die of infection. No special attention has been focused on IVH despite the close relationship to poor 6-month outcome and delayed mortality, so new management should be developed. Aggressive treatment may not be indicated for elderly patients with other unfavora ble factors, because most may remain severely disa bled or vegetative for several years or until death, Improvement of long-term survival requires the de velopment of management methods for IVH, better 6-month outcomes, and awareness of shunt malfunc tion including infection. Greater age (? 70 years) is an independent predictor of delayed mortality and aggressive treatment should be carefully considered. [191] [192] [193] [194] [195] [196] 1986 27) Sakai T, Wakai S, Asano T, Takakura K, 
Commentary
The authors reviewed causes of delayed mortality and long-term survival probability in 106 patients (surgery in 93 patients) with aneurysmal subarachnoid hemor rhage (SAH). Significant variables for long-term sur vival were age, Hunt and Hess grade, SAH grade, and intraventricular hemorrhage (IVH). Main causes of delayed mortality were complications related to shunt ing and other reasons not directly related to initial aneurysmal SAH. They suggested that 6-month out come is a predictor of long-term survival and delayed mortality, and that long-term survival could be im proved by better management of IVH and hydrocephalus.
Most o f their suggestions would be agreeable with the following reservations: 1) Most o f the delayed mor tality (beyond 6 months) would not be directly related to initial SAH, 2) my experience indicates that shunt related delayed mortality is negligible, 3) it would be better to analyze patients in two separate groups, sur gical and nonsurgical, as each o f the two groups will have different management outcome.
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Dr. Mori and colleagues are to be complimented for their paper on the analysis o f the long-term survival probability and the relationships between short-term outcome and long-term survival of patients who have experienced aneurysmal subarachnoid hemorrhage. We share the same impression that 6 month outcome is a good predictor of long-term survival and of delayed mortality. It is also our belief that the level of consciousness i,, probably one of the most significant factors for short term survival and consequently surgery should bE postponed for those patients in poor neurological grades. The same opinion applies to the elderly in whom aggressive therapy does not seem to help in the overall outcome quality. 
